* Porous saline-sodic or saline-gypsiferous soils
(1.9 million hectares). These soils are affected by
salinity—sodicity or are saline-gypsiferous
throughout the root-zone but are porous and
pervious to water. They are loamy to clayey in
texture. Having good physical gualities, these soils
respond well to reclamation efforts (wheat/rice
rotations, use of kallar grass, addition of gypsum on
sodic soils).

e Severely saline-sodic and saline-gypsiferous soils
(1.1 million hectares). These soils are severely
saline-sodic or saline-gypsiferous. Some also have
high watertables (within 1.5 metres). The soils are
loamy to clayey in texture, dense and nearly
impervious to water.

e Soils with sodic tubewell water (2.3 million
hectares). As noted above, irrigation of land with
tubewell water with high concentrations of
carbonate or bicarbonate (sodicity hazard) can
create sodic soils. About 70% of tubewells in the
Indus Plain pump sodic water.
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Figure 1.7. Seasonal effects on watertable depth (Ghassemi et al. 1995,

Tables 8-6 and 8-7, p. 383).

Waterlogging and salinity have very adverse social and
economic effects on communities in Pakistan, causing
poor living standards in affected areas, health problems
for humans and animals, the crumbling of mud and
brick houses and difficulties in transport (Photo 1.3).
Many people are forced to migrate to other areas
(Sandhu and Qureshi 1986).

One marker of levels of poverty is the ratio of females
to males in the community. In general, we expect
roughly similar numbers of females and males in
populations. However, in many South Asian countries,
as communities come under increasing economic stress,
the proportion of females to males in the population
declines (Haq 1997, pp. 20-24).

Figure 1.8 compares the relative numbers of females
and males at the whole-country and village levels. At
the whole-country level (Fig. 1.8A), the United States
has about 105 females per 100 males. In contrast,
Pakistan is more economically stressed and has only
about 94 females per 100 males.

>3.0
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Photo 1.3. Waterlogging and salinity have adverse social and
economic effects on communities. (A) This village of Afghan refugees
is located on saline land on the banks of the Kabul River and is
subject to periodic flooding. (B) The land has poor grazing for
livestock. (C) Women walk many kilometres to find fuel.
[PHOTOGRAPHS: E. BARRETT-LENNARD]

A. National level B. Village level

125
“
L
r\gi\,} 100
K3} g 75
N
S8 50
O ™
L3
25
é Q
0
USA Pakistan Satiana  Control
village

Figure 1.8. Comparison of relative numbers of females and
males. (A) at the national level (US figures calculated from
United Nations 1993, p. 221; Pakistan figures calculated from
Haq 1997, p. 146). (B) At the village level for a salt-affected
community (Satiana region) and a non-salt-affected
community (control village). (calculated from ljaz and
Davidson 1997, Table 3.7, p. 15).

At the village level (Fig. 1.8B) the relative numbers of
females and males for eight villages in a highly salt-
affected region near Satiana are compared with two
villages from an adjacent area with a low incidence of
salinity (control group).’" In the control group there were
88 females per 100 males, but in the highly salt-affected
Satiana region there were only 68 females per 700 males.

The picture that emerges from these statistics is that
salinity has very severe impacts on communities, and
that it substantially decreases the health and life
expectancy of females.

Other statistics also point to the acute economic
deprivation of salt-affected communities.

e [iteracy. Literacy, especially of women, has been
nominated as one of the major means by which
developing countries will begin to control the
growth of their populations (Haq 1997, p.66).
However, in the salt-affected Satiana region, 56% of
men and 91% of women are illiterate. These figures
are substantially worse than for Pakistan on average,
where 51% of males and 77% of females are
illiterate (Hag 1997, p.41).

11 The Satiana arca was once regarded as one of the most
productive districts of Pakistan. Salinity in the arca was caused by
the rising ot watertables following the opening of the Lower
Cugera Branch and Burala Branch canals in 1892, At present,
about 22% of land is atfected by salinity, 9.7 is totally aflected
and 12.2% is ‘partially aftected tliaz and Davidson 1997
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Figure 1.9. Ownership of household goods in the highly salt-
affected Satiana area and an adjacent non-affected region
(ljaz and Davidson 1997, Table 3.11).

* Health care. People in salt-affected areas have poor
access to basic health care facilities; in the salt-
affected Satiana area only one out of eight villages
surveyed has a health clinic.

s Typical household goods. With their reduced
purchasing power, people from highly salt-affected
regions have substantially poorer access to basic
household equipment. Figure 1.9 compares the
ownership of goods by households in the highly
salt-affected Satiana area and in a nearby non-
affected region. Each of the items listed would be
useful to a family, be it for better health
(refrigerator, washing machine, fan), income
generation (churning machine, sewing machine), or
information/education (television, radio). However,
for each item, ownership is substantially lower in the
salt-affected area.

television radio

sewing machine fan

Until very recently there has been little detailed
information on the effects of salinity on communities in
Pakistan. However, a picture is now emerging which
suggests that communities affected by salinity are
acutely economically deprived. We believe that salinity
in Pakistan is a human rights issue: it is essential that
income-generating agricultural systems are adopted in
severely salt-affected areas.



1l ICRTRY] a 2 a H H | ] ]

There have been four major approaches to dealing with
salinity and sodicity in Pakistan.

The engineering approach assumes that salinity in
irrigated areas can be reversed using drainage schemes
that lower watertables. Over 7.8 million hectares have
now been treated using salinity control and reclamation
projects (SCARPs). However, the projects are extremely
expensive, many salt-affected soils are not treatable,
and the sustainability of the approach is questionable.

The basis of the reclamation approach is the use of
small-scale interventions to improve soil condition. This
is particularly appropriate where soils are saline because
of their high sodicity (lack of soluble calcium) and low
rates of water infiltration. Interventions include the
leaching of salt with higher levels of irrigation, the use
of chemical amendments (such as gypsum and acids),
the use of organic wastes, and the use of plants to
improve soil condition. Best results may be obtained
using combinations of methods.

Under the saline agricultural approach, useful
production can be achieved from salt-affected
wasteland (without reclamation). In these instances,
the main focus is on the economic utilisation of the
land while stilt in the saline or sodic condition. There
may be improvements in soil condition but this is a
spin-off benefit.

This chapter focuses on the first three of these
approaches. There are few situations in which doing
nothing is the best response.
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land, of which 85% is underlain by saline groundwater.
Stage 1 of the Left Bank Outfall Drain is to alleviate
waterlogging and salinity on 577 000 hectares in the
Nawabshah, Sanghar and Tharparker districts. The
project will control waterlogging by installing

2000 tubewells over an area of 395 000 hectares.
Watertables in this area were previously about 1.5 metres
from the soil surface. A further 22 000 hectares, also
with shallow watertables, will be provided with tile
drains. Both tubewells and drains will be pumped into a
disposal system providing surface drainage for the
whole area. The disposal system will then discharge
into a spinal drain, which will extend 290 kilometres to
the sea. This project will cost around 26 billion Pakistan
rupees (PKR)* and is expected to export 25 to 30 million
tonnes of salt into the sea each year.

in 1968, WAPDA created the SCARP Monitoring
Organisation to evaluate the performance and
effectiveness of SCARPs in terms of their design
characteristics and planned objectives. The Interational
Commission on Irrigation and Drainage (1991,

Tables 10, 11, 14, 15) monitored the average outcomes
of the early SCARP projects, covering 2.3 million
hectares (SCARP-1, SCARP-II, SCARP-IIl, SCARP-IV),
and suggested that these drainage schemes:

e increased cropping intensities from 84 to 117 %;

e decreased areas with severe waterlogging from
16 t0 6%;

e increased areas of salt-free (surface salinity) iand
from 49 to 74%; and

¢ increased gross value of production by 94%.

At present 57 SCARPs and drainage projects have been
completed (covering an area of 7.8 million hectares at
an estimated cost of 26.4 billion PKR); a further five
drainage projects are planned (Water and Power
Development Authority 1997)."

In spite of these successes, the present strategy suffers
from a number of critical deficiencies.

-+ For carrency exchange rates, see page 4

3 The planned projects are; the et Bank Outtall Drain. the Right
Bank Oudall Drain. the Khushab SCARP, the Fordwaly Sadiqia
SCARP and the Swabi SCARP.

6 Studics in SCARD-T showed that large arcas of salt-free soils were
damaged by sodicity through the use of tubewell water of Tow
salinity but moderate to high sodium hazard (Jalal-ul-Din and Rafiq
1973, Hussain and Mubammad 197 Such sodicity seriouslv aftects
aermination due to surlace crusting Byerlee and Siddia 1990

* Many salt-affected soils are not treatable. The
approach has little chance of success in 1.03 million
hectares of land that have soils which are
impermeable to water (Photo 2.1) (Rafiq 1975).
Also the approach is confined to the Canal
Command Area. About 2.64 million hectares of salt-
affected land lies outside the Canal Command Area
and this will not be tackled.

* The costs of the approach are very high. At the
present time, the annual cost associated with
maintaining the current engineering approach on
7.8 million hectares is about 11 billion PKR per year
(see Table 2.1) or about 1300 PKR (US$30) per
hectare per year. About 80% of these funds come
from the private sector.

e The sustainability of the approach is questionable.
About 60% of Pakistan's salt-affected land is
saline-sodic; these soils are further deteriorated by
leaching with extra irrigation water. Between 70 and
75% of tubewells are pumping water of marginal or
hazardous quality in the Punjab; the situation is
worse in Sind.® About 2 to 3 million hectares have
already been adversely affected by the use of water
of high sodicity hazard (Rafiq 1990). Although
WAPDA accepts the need to measure the salinity
and sodicity hazard of pumped groundwater, it is
largely unable to divert hazardous water away from
the irrigation system.”

* The projects are of large scale. In general, they
cannot be reduced in size to tackle problems at
levels of individual farms or isolated areas.

e The criteria for determining the success of projects
are inadequate. A SCARP should assess its success by
comparing the salinity and sodicity values in local soils
before it starts with values measured after
implementation. Salt and water balances must be
calculated for project areas, for regions and for the
country as a whole. Separate calculations are
necessary for the root-zone and for greater depths in
the soil. To be regarded as successful, a SCARP should
show decreased salinity/sodicity in the root-zone and
improved sustainability of the agricultural system.

7 The Lete Banl Outlall Drain has been promoted as o way of
disposing of hazardous groundwater. However, its influence on
the total salt balance of the Indus Basin will be small. Each vear.
Pakistan adds salt to the land as canal water 35-40 mitlion
tonnes fresh’ groundwater 120 million tonnes ) and saline'
groundwater (60 63 million tonnes”. The Fett Bank Outfall Drain
is expected to convey only about one-tifth of this salt to the wea
{International Commission on Irrigation and Drainage 1991

Figure 3



In contrast to the engineering approach, the
reclamation approach can be conducted on a small
scale. The main purpose of this approach is to use

SCARP and drainage projects simple interventions to leach salt out of the surface solil.

—interest on capital invested® . ... 0.31 This approach includes the following strategies.
—operation and maintenance” .. ... ... . ... ... 1.91 N
P * Leaching with higher levels of irrigation. Salt can
Private tubewells accumulate at the soil surface due to the drying of
—interest on capital invested . ... ... .............. 013 the soil. Salt accumulation is more substantial where
. . watertables are close to the soil surface. The process
- operation and maintenance ................ ...8.86 ) L
can be reversed by leaching the soil using extra
Total 1.2 irrigation water (perhaps that pumped from
tubewells used to lower watertables). This approach
a Information on the financing of SCARPs and drainage schemes has promise for well-drained saline soils and
is not readily wailable. the wale of the financal commitment gypsiferous caline—sodic soils which have good

has been estimated making a few 'bold assumptions see below ) L .
structure and high rates of water infiltration.

Leaching with brackish water has been successful for
the initial reclamation of sodic soils of low
permeability (Muhammed et al. 1969; Bhatti et al.

b For currency exchange rates seu page 4

¢ The valuc given is the  sumated interest pavable in 1990 on
the 7 completed SCARPS and drainage projects which had
been completed at that time  International Commission on

Irrigation and Diainage 1991 These projects were 1977; Hussain et al. 1986; Ghafoor et al. 1991).
implemented with an initial investment of 11.2 hillion PKR. However in these instances. use of better qua“ty

I'he interest was caleulated assuming that: .1 costs were spread ) . . . )
’ " vere water is necessary in the final leaching stages, which

evenly over the implementation period of cach project, (h) g i . _
can cause a deterioration of soil structure unless it

costs could be amortised by cqual pavments over 20 years and

¢ the interest rate tor public expenditure is 5 per year. Our coincides with the application of gypsum.
calculation is an underestimate as it does not include projects
completed after 1990, or those only partially implemented by s [Jse ofgypsum. Sodic soils have low rates of water
1950, infiltration because they contain little soluble

d Caleulated for 1993-90 assuming: ar there are 19 088 calcium, a condition which leads to soil dispersion

tubewells \Water and Power Development Aathority 1997 and (see Section 3.3.2) Gypsum is the cheapest cource

of soluble calcium available in Pakistan.® The use of
¢ Caleulated assuming: a 4000 tubewells are established per gypsum on saline-sodic and sodic soils improves
year (see Section 2.1.2 (b hall of these are diese! powered rates of water infiltration and the leaching of salt
(cost 50 000 PKR cach and hall are clectrically powered {cost into the subsoil.? One reason for the popu|arjty of
70 000 PKR cach and {¢ tunds are borrowed over a term of 8 gypsum with farmers is that its price is currently
subsidised by the government.™

(b operating and maintenance costs are about 100 000 PRR per
tubewel! (Ahmad and Chaudhry 1988, Table 6 391

vears at 14% per vear.
t Caleulated tor 1997 assuming: tal there ar 43 000 wbewells
¢ Section 2.1.2 e R ¢ are clectritic . . . .
(see Section 2.1.2 above™, th about hall ot these are clectritied o Use of acids. A number of sodic soils contain
and the balance are dicsel powered o the annual operating . L ) )
. ) . ! calcium in insoluble forms (like limestone nodules).
and maintenance costs tor clectricallv powered tbewells in
1083 was 10 600 PKR - Ahimad and Chaudhry 1988, p. 0. 1071, In theory this can be made soluble by treatmg the
di the annual operating and maintenance costs tor diescel
powered tubewells in 1983 was 23 000 PKR — 13500 hours at
19 PKR/hour tAhmad and Chaudhr 1988, pp. 6. 107 6,108,
and (¢ costs increase by o per year.

8 Cvpsum is the common name of the chemical caleinm sulfate
aSOL2H 0

Y Lhere ar aow lar camounts of perimen al data on various
aspecs of the use o rypsum for reclaiming saline sodic and
sodic soils. The reader is reterred to napers by Huoeain et al.

1951 Chaudhry ctal. 1984 1985 Ghaoor et al. 11985

Khan ctal. 1990 Ghatoor and Muhammed 11990+, and
Chaudhry and FHaneed 1992 Qureshi et al 1 19927 successtully
used gvpsum with fate al flushing of salc for the reclamation ot

dense saline sodic soils at Sadhoke

10 The substdised price is about 15 KR per ~0-kilogram bag.
The unsubsidised price was about 30 KR per Lo



soil with sulfuric or hydrochloric acid (Ghafoor and
Muhammed 1981; Mujtaba 1984; Ghafoor et al.
1986). In practice, these amendments are not popular
because of their high cost and the need for great care
in their handling, transport and application.

Use of wastes. Agricultural and industrial wastes
(such as farmyard manure and pressmud) have been
used to improve soils affected by high sodicity.

— Farmyard manure is especially beneficial as it
improves soil physical structure as well as providing
nutrients for plants (Ghafoor et al. 1990).

— Pressmud from sugar mills is another excellent
source of organic matter for improving the
physical condition of soil. Following changes in
the sugar extraction process, pressmud now also
contains sulfur, which helps to acidify the soil. In
sodic and saline—sodic soils this acidification
makes soluble calcium available from limestone
nodules, which improves soil structure and
increases the leaching of salt

Physical methods. Some farmers have practiced
scraping salt from the land surface, and chiselling or
deep ploughing land with a hardpan or low
permeability.

— Surface scraping may be of short-term benefit.
However, it renders a small part of the land
completely unproductive and it removes many of
the plant nutrients found close to the soil surface.
Furthermore, the salt can easily leach out of the
scraped heaps to make the adjoining land salt
affected (Photo 2.2).

— Deep ploughing and chiselling are not always
helpful, especially with saline—sodic soils with
unstable structure. In these cases, the soil ‘slumps’
again when wetted and sets hard when dry.

Biological methods. A number of workers have
reclaimed soils through the use of salt and
waterlogging-tolerant plants. These treatments
improve soil structure in two ways: they add organic
matter to the soil, and they have an acidifying action

A note to farmers and exwension worker . It would be wice to
check whether the ugar mills in vour area use the sullor wed
extraction svoem. There are sugar extrac ion nrocesses that add
considerable amounts of calcium carbonae w the aressmud
Thiv can be a problem. causing phosphorus and micronutrient

deticiencics for plants,

Kllar rass is bl v salt and waterlos zing tolerant and is an
eacellen primary colonises o soils where low-quality irrigation
water is available Scction 1 One well-documented cvample
in which this ocouw red was ona saline sodic soil near Lahore. This
soil was hig v impermeable. but had a laree number of fimestone
nodules aca depth of aboud O centimea . asadllar grass at the site

Photo 2.1. People gathered around a tile drainage access point. The land
in this area has poor permeability to water and remained saline after
tile drains were installed. [PHOTOGRAPH: £. BARRETT-LENNARD]

Photo 2.2. Surface scraping — the surface of the land in the foreground
has been scraped into a heap in the background. However, salinity
has returned because the cause of the degradation (shallow
watertables) has persisted. [PHOTOGRAPH: E. BARRETT-LENNARD]

which makes soluble calcium available. One means of
biological reclamation involves the use over a number
of years of a succession of kallar grass (Leptochloa
fusca)'? followed by dhancha (Sesbania bispinosa) as
a green manure,’* and then normal crops.

tormed a dense root mat which produced carbon dioxide  1weak
acid through respiration. Ater about 3 years. the limestone
nodules in the soil had e i broken down, producing soluble
calcium, With soluble calcium pres e there was an increase in
rates ot voater infiltration, an " the <t was leached into the subsoil
by irrigavon Malik ctal. 19 pp N

13 Dhanchais an execllent green manuring plan' © ¢¢ on 62,10
[ts roots are profusely nodulated. fix lar - amounts of
atmospheric nitrogen and grow deeper than kallar giss, The
ploughing in of this crop, and its subseruent decomposition, can
turther improv the soil, making it tic o the growth of cops like
wheat and rice Sandhu and Malik 1975, Sandhu and Haqg 1981 .



A number of studies have compared the efficiency and
cost-effectiveness of biological and chemical methods
of reclamation (Qadir et al. 1990; Kausar and
Muhammed 1972, Ahmad et al. 1990). The key
conclusions that emerged from these studies are:

¢ biological methods are particularly suited to the
reclamation of more permeable soils;

¢ biological methods are not more economic than the
use of gypsum, but they do improve the efficiency
of reclamation with gypsum;

¢ biological methods take longer to achieve
reclamation than does the use of gypsum, but

¢ biological methods have other advantages (like
improving the nutrient status of the soil).

We conclude this section with five observations on the
effectiveness of the reclamation approach.

* The use of simple leaching for the reclamation of
saline—sodic soils is least cost-effective, very
inefficient, takes a long time, and may cause
deterioration of the soil by converting saline-sodic
soils into sodic soils.

¢ The use of chemical amendments (especially
gypsum) is cost-effective, efficient and fast acting
(within 1 year), although the initial cost is high.
These costs are offset to some extent by the
government subsidy on the cost of gypsum.

e Biological methods do not require much initial
investment but take longer (several years) to achieve
results than chemical amendments. However, they
have the advantage of enhancing the biological
activity of the soil, adding much-needed organic
matter and improving the supply of nutrients.

e The use of physical methods may be of value in
special circumstances only.

e The use of combinations of methods may be the
best strategy. The optimal combination will depend
on the properties of the soil and on the farmer's
circumstances (financial position, access to irrigation
water). Farmers should seek advice from reclamation
experts.

The saline agricultural approach aims to obtain better
use of saline land and saline irrigation water on a
sustained basis through the profitable and integrated
use of genetic resources (plants, animals, fish and
insects), and improved agricultural practices.

The major outcomes of saline agriculture are:

* increased economic returns to farmers by improving
the productivity of their salt-affected land;

e increased cover of the soil, which reduces
evaporation, decreases rates of salinisation, and
enhances biological activity;

* increased reclamation of salt-affected soils:

e increased use of saline irrigation water for
sustainable agriculture (under special circumstances).

This approach has a number of advantages.

¢ Production will be achieved from 2-3 million
hectares presently declared as wasteland due to high
salinity and sodicity.

® Production will be achieved without reclamation.
The approach is therefore more cost-effective in
terms of initial investment.

¢ The approach will be small scale. Implementation
may start with a single acre. Heavy machinery will
not be required; there will be no requirement for
large loans.

e The approach will not increase pressure on
Pakistan's scarce energy resources for managing
water. On the contrary, energy will be ‘fixed" for
reuse in the form of wood and other vegetation
products.

e The approach will complement and substantially
improve the efficiency of the engineering approach.

¢ The approach will improve the beauty of the
environment and will help in the conservation of
wildlife.

e The condition of salt-affected land will improve with
time rather than deteriorate as at present. Benefits
to soil condition will occur through the shading of
the soil surface, the addition of organic matter and
the lowering of watertables.

¢ The socioeconomic circumstances of poor farmers
will greatly improve.
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